| INTRODUCTION
Bilirubin is a widely used liver chemistry in clinical practice. 1 It is usually determined by diazo-reaction in clinical laboratories. Serum total bilirubin (TBIL) is categorized into unconjugated bilirubin (UBIL) and conjugated bilirubin (CBIL). CBIL can couple with the diazoreagent and form a complex that has a spectral peak at 540 nm, while for UBIL, accelerator substance such as ethanol is needed to promote the couple reaction with diazo-reagent. 2, 3 Accordingly, when determining serum TBIL, accelerator substance should be added prior to diazo-reagent, while for serum CBIL measurement, accelerator substance is not needed. UBIL cannot be measured directly, and it is usually calculated as TBIL minus CBIL. 2, 3 TBIL and CBIL are part of liver chemistry profile and usually used to detect hyperbilirubinemia. Their ratio (C/TBIL) is proved to be associated with the types of hyperbilirubinemia. For example, hyperbilirubinemia patients with C/TBIL more than 60% is predominantly conjugated hyperbilirubinemia. 4 In some areas, serum TBIL and CBIL are usually ordered together.
Since CBIL is a component of TBIL, and the subjects have lower TBIL may also accompany with lower CBIL. Therefore, we hypothesized that increased TBIL could be used as a reflex test for CBIL. In this study, we tested whether this reflex testing strategy could reduce CBIL test.
| MATERIALS AND METHODS

| Study cohort and data extraction
From April 2012 to December 2015, 13 339 subjects have visited our hospital for healthy check-ups, and the data of liver chemistries have been stored in Laboratory Information Management System (LIMS).
Because these subjects had no complaint when visiting hospital, we considered them as apparently healthy individuals. Age, gender, fasting serum TBIL, UBIL and CBIL were extracted from LIMS.
Total bilirubin and CBIL were measured by TBA2000FR biochemical analyzer (Toshiba Co., Ltd., Japan). Regular internal quality control (IQC) procedures and external quality assessment scheme (EQAS)
were performed to validate the quality of TBIL and CBIL results. UBIL was calculated as TBIL minus CBIL. The ethics committee of Shuyang
People's Hospital approved this study.
| Statistical analysis
Normality distributions of the log-transformed TBIL, UCBIL, CBIL and C/TBIL were determined using Shapiro-Wilk's test. Lower and upper limits of reference for TBIL, UBIL, CBIL and C/TBIL were defined as Q 2.5 to Q 97.5 . Receiver operating characteristics (ROC) curve analysis was employed to evaluate the accuracy of TBIL in predicting abnormal CBIL, the sensitivity was pre-specified at 0.99. Abnormal CBIL, UBIL or C/TBIL was defined as higher than the upper limit of refer- Figure 1 is histograms depicting log-transformed TBIL and CBIL distributions among subjects. Because TBIL, UBIL, CBIL and C/TBIL, either in males or females, were not normally distributed, we established their reference intervals based on Q 2.5 and Q 97.5 . The reference intervals for TBIL, UBIL, CBIL and C/TBIL are listed in Table 1 .
| RESULTS
| Reference intervals for TBIL, UBIL, CBIL and C/TBIL
Next, based on C/TBIL level established by a previous study, 4 we categorize subjects into three groups (<0.36, 0.36-0.60 and >0.60).
The distribution of C/TBIL is listed in Table 2 . 3.3 | The optimal threshold of TBIL in predicting abnormal CBIL and UBIL Figure 3 shows the ROC curves of TBIL for predicting abnormal CBIL.
Area under curve (AUC) was 0.99 for both male and female. Tables 3   and 4 list specificities of TBIL for predicting abnormal CBIL and UBIL at a sensitivity of 0.99. Obviously, the thresholds used to predict abnormal CBIL and UBIL were close in both males and females. Therefore,
we proposed that the optimal threshold of TBIL for predicting abnormal UBIL and CBIL is 21 μmol/L in males and 17 μmol/L in females. Table 5 lists the proportion of missed subjects with abnormal UBIL or CBIL, as well as the proportion of individuals in which CBIL tests are eliminated. Generally, <2% of subjects with abnormal CBIL or CBIL would be missed at the pre-specified thresholds; however, approximately 87% of the CBIL test would be eliminated. Numbers in parentheses are the percentages of subjects.
| DISCUSSION
F I G U R E 2 Scatter plots for total bilirubin and conjugated bilirubin F I G U R E 3 Receiver operating characteristics curves of total bilirubin for predicting abnormal conjugated bilirubin of abnormal UBIL, TBIL would be missed. However, approximately 87% of CBIL test will be eliminated and thus the cost for CBIL measurement is greatly saved.
In China, CBIL and TBIL were usually ordered together for individuals visit hospital for healthy check-ups; and the cost for a CBIL testing is approximately 5 RMB (0.8 USD). We assume that only 1%
of Chinese population (approximately 13 millions) would receive annual health check-ups, and majority of them would order both CBIL and TBIL tests. If TBIL was used as a reflex test for CBIL, approximately 11.3 million CBIL test would be reduced and 9 million USD would be saved annually. Many of today's biochemistry analyzers are able to perform reflex testing; therefore, it is not a technical challenge for laboratory technicians to define a criterion for reflex testing.
This study has some limitations. First, this is a single-center study with small sample size, and subject selection bias may limit the generalization of the conclusion. Second, the subjects in this study were apparently healthy individuals. Therefore, the conclusion of this study cannot be generalized to inpatients or outpatients. Third, this approach may result in missing 2% of patients with abnormal CBIL or UBIL, and a portion of subjects missed may have hereditary conjugated or unconjugated hyperbilirubinaemia (eg, Dubin-Johnson Syndrome, DubinJohnson syndrome and Rotor syndrome). However, we believe that the probability is small because TBIL, UBIL, and CBIL were normal in nearly all the missed subjects. T A B L E 3 Accuracy of total bilirubin in predicting abnormal conjugated bilirubin T A B L E 4 Accuracy of total bilirubin in predicting abnormal unconjugated bilirubin
